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ABSTRACT 
 
Yoghurt is a fermented dairy product associated with several beneficial nutritional and 
health effects. Due to increased demand of yoghurt in Kenya, some processors seek to 
incorporate synthetic ingredients in order to improve the nutritional value, thickening 
and stabilizing properties. Besides having good gelling properties, chia seeds (Salvia 
hispanica L.) are a good source of proteins, omega-3 fatty acids, omega-6 fatty acids, 
minerals, soluble dietary fiber and phytochemicals. This study sought to develop and 
determine the proximate composition and nutritional (amino acids, fatty acids, and 
mineral contents) characteristics of chia enriched yoghurt (CEY). Yoghurt treatments 
were enriched with chia seeds at either 1.5% m/v (CEY1.5), 2.5% m/v (CEY2.5) or 3.5% 
m/v (CEY3.5), and 2% cornstarch (CEY0). The results of the proximate composition 
indicated a significantly higher content of moisture, crude ash, crude fat, crude fiber and 
carbohydrates in CEY1.5, CEY2.5 and CEY3.5 than in CEY0. In the current study, the 
composition of calcium, potassium, and phosphorus, was significantly higher in CEY 
1.5, CEY2.5 and CEY3.5 than in CEY0, with values increasing with increase in quantity 
of chia seeds in the formulation. The results for amino acids showed that the essential 
and non-essential amino acids were significantly higher in CEY3.5 than CEY2.5, 
CEY2.5 than CEY1.5 and CEY1.5 than CEY0. In terms of fatty acids profile, the 
concentration of lauric acid and palmitic acid was significantly lower in CEY1.5, 
CEY2.5 and CEY3.5 than in CEY0. On the other hand, the concentration of stearic acid, 
oleic acid, linoleic acid and α-linolenic acid in CEY1.5, CEY2.5 and CEY3.5 was 
significantly higher than in CEY0. In conclusion, CEY1.5, CEY2.5 and CEY3.5 showed 
enhanced proximate composition and nutritional (amino acids, fatty acids, and minerals 
contents) characteristics compared to CEY0, thus chia seeds have a potential to be used 
in yoghurt for value addition.  
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INTRODUCTION 
 
Kenya's economy depends heavily on agriculture and its dairy sector is among the largest 
industries, dealing with dairy products in sub-Saharan Africa [1].There is an increased 
market demand for functional foods such as yoghurt due to increased awareness of their 
health benefits. The dairy industry in Kenya has a potential to produce functional dairy 
products either with probiotic organisms, specific macronutrients or micronutrients. 
Yoghurt has long been recognized as a functional food due to its contribution to health 
benefits to the digestive system and is among the leading preferred vehicles for probiotic 
culture. With the continuing rise in the popularity of probiotic yoghurt, dairy-based food 
manufacturers are continuously evaluating novel  ingredients that would enhance health 
benefits and sensory properties of yoghurt [2]. As a result, utilization of various synthetic 
and highly processed ingredients in yoghurt production is a common phenomenon. In a 
bid to enhance the health effect and consumer’s interests, yoghurt has been modified with 
different ingredients such as pomegranate (Punica gratanum L.) fruit peels [3], and tea 
catechins [4]. 
 
Chia (Salvia hispanica L.),  is an exotic plant which has recently been introduced in 
Kenya and is gaining popularity among consumers using the seeds in drinking water, and 
other food blends. Chia seed is increasingly receiving recognition as a good source of 
omega-3/omega-6 fatty acids, soluble dietary fiber, proteins as well as phytochemicals 
[5]. Utilization of olein fraction of chia seed oil into ice cream significantly improved the 
concentration of omega-3 fatty acids such as alpha-linolenic acid (ALA), 
eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA) and docosahexaenoic acid 
(DHA) in the enriched ice cream [7]. Chia has functional properties towards prevention 
of several non-communicable diseases like obesity, cardiovascular diseases, cancer and 
diabetes which are commonly found among communities [5]. 
 
Chia seed gum, contained in the seed coat or adjacent layer, begins to form as seeds are 
placed in water [6] and hence can be used for thickening as well as a stabilizer in food 
products. In addition, the slimy properties of chia gum manifests even at very low 
concentrations. Therefore, incorporation of chia seeds could enhance the nutritional and 
functional value of yoghurt. Therefore, the aim of this study was to investigate the 
proximate composition and the nutritional characteristics of chia enriched yoghurt.  
 
MATERIALS AND METHODS 
 
A laboratory-based experimental method was used for this study. To collect both 
qualitative and quantitative data in this study, all the experiments were carried out under 
laboratory conditions while still observing the technological conditions and requirements 
for industrial yoghurt production. The experiment was designed to have four treatments 
where varying quantities of chia seeds were randomly assigned to the treatments for the 
preliminary work. For this study, each treatment consisting of chia enriched yoghurt 
(CEY) made from whole milk with varied proportions chia seeds (1.5%m/v for CEY1.5, 
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Sample collection and storage 
The dried mixture of white and black chia seeds was purchased from a  farmer based at 
King’ong’o, Nyeri County, Kenya. Fresh whole milk was obtained from the Dedan 
Kimathi University of Technology dairy farm. The chia seeds were stored in sample bags 
in a cool dry place, while the fresh milk was refrigerated at 4ºC until use. The starter 
culture was purchased from Promaco Limited, in Nairobi, Kenya and stored at -20°C. 
 
Preparation of chia seeds 
The chia seeds were cleaned by hand picking out all the unwanted materials before 
putting them in sterile bags where they were stored in a cool dry place until use. 
 
Production of chia enriched yoghurt 
Dry ingredients (chia seeds and sugar) were weighed and mixed thoroughly with a little 
whole milk, to prevent formation of lumps. The remaining whole cows’ milk was heated 
to 55ºC and the mixture of dry chia seeds and sugar added while stirring. The 
concentrated mixture was heated to 85ºC for 30 minutes and then cooled to 45ºC. The 
starter culture (Streptococci thermophillus and Lactobacillus delbruckii bulgaricus) was 
then added at 2g/ L and the mixture incubated at 45ºC for 3.5 hours. The yoghurt was 
then cooled to 4ºC and refrigerated for 12 hours before breaking the coagulum. The 
yoghurt was later packaged in sterilized bottles and stored at -22ºC pending analysis for 
nutritional and chemical composition. 
 
Nutritional and caloric value analysis of chia seeds and chia enriched yoghurt 
samples 
The moisture content of the samples was determined according to AOAC, method 
2001.12  [8]. The ash content of each sample was determined according to AOAC, 
method 923.03 [8]. The protein content (N x 6.38) was determined using Semi-Micro 
Kjeldahl Method as described by AOAC method 992.23  [8]. Crude fat content was 
determined by the Soxhlet method [8]. The crude fiber content of the samples was 
determined as the fraction remaining after digestion with concentrated sulphuric acid and 
potassium hydroxide in the presence of a foam-suppressor, in a fume hood [9]. The 
carbohydrate content of the samples was determined by estimation using the arithmetic 
difference method [10]. The caloric value of the samples was calculated using the method 
from the Atwater coefficients [11]. 
 
For determination of amino acids, extraction was performed [12] and the samples were 
analyzed using Gas Chromatography–Mass Spectrometry (GC-MS). Free fatty acids 
profile was determined using gas chromatography [8]. The iron (Fe), zinc (Zn), calcium 
(Ca), manganese (Mn), magnesium (Mg) potassium (K), and sodium (Na) profile were 
determined using Atomic Absorption Spectrophotometer (AAS) [13] with modification 
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RESULTS AND DISCUSSION 
 
Proximate composition and calorific value analysis  
Results of proximate composition are reported in Table 1. The average moisture content 
for the chia seeds was 5.16%, which was slightly lower than the value of 6.3% reported 
by a previous study [11]. This variation could be due to the different climatic conditions 
of growth as well as the degree of drying applied by the farmers. Sample CEY0 had the 
highest moisture content of 81.95%, which fell within the range of most yoghurts 
available in the market (80-86%) [15]. The moisture content for all the enriched samples 
was significantly lower than that of CEY0 and the variance between them was dependent 
on the quantity of chia seeds used in the formulation. This could be supported by a study 
done on hydration of chia mucilage [16], which concluded that a 100 mg sample of 
mucilage has the ability to absorb 2.7 g of water, which is 27 times its weight. This effect 
could, therefore, explain the lower moisture content in the yoghurt samples containing 
chia seeds. 
 
On ash content, chia seeds had an average 4.45% (Table 1), a value that is similar to the 
one reported in literature [11]. The ash content is a reflection of the amount of minerals 
in a food material [17]. The ash content in yoghurt samples ranged from 0.52% in CEY0 
to 1.10% in CEY3.5. The results also indicated that the ash content increased as the 
proportion of chia seeds increased in the yoghurt samples due to the fact that chia seeds, 
by implication, have high ash content and minerals [3, 8]. 
 
The crude protein content of chia seeds (20.90%), as shown in Table 1, was found to be 
higher than those reported by two studies as 19.6% [11] and 16.54%  [5], but are within 
the range given in another study of 15-26% [18]. The crude fat content in chia seeds was 
29.06% as shown in Table 1. This amount was lower than the value of 34.4% reported 
in a previous study [11], but was within the range of 20.3% to 33.6% reported in literature 
[19].  Grain oil yield ranges from 29.4% to 33.5% depending on the area of origin of the 
chia, climatic conditions and the technique used for its extraction [20]. The results show 
a proportional relationship between increased fat content and increased chia seeds 
concentration where CEY3.5 had the highest fat content while CEY1.5 had the lowest. 
This fluctuation of fat content is justified by the high fat content reported for the chia 
seeds. The data indicates a major difference in fat content between CEY0 and chia 
enriched samples (CEY1.5, CEY2.5 and CEY3.5). Fat content in yoghurt could have a 
positive influence on the sensory and physical characteristics [21] as well as a negative 
impact on the shelf stability [22]. In yoghurt, fat plays an important role in improving its 
consistency [23]. The protein and oil contents, as well as fatty acid composition of chia 
seeds, vary significantly with the location and climatic condition of growth [20].  
 
Chia seeds had a crude fiber content of 21.14% (Table 1).  This amount was lower than 
previous reports which indicated between 34 and 40% of dietary fiber in chia seeds, 
equivalent to 100% of the daily recommendations for the adult population. The defatted 
flour possessed 40% fiber, 5–10% of which is soluble and forms part of the mucilage 
[24]. The results indicate that there was a significant increase (p<0.05) in fiber content 
among the chia enriched yoghurts compared to CEY0. The recommended dietary fiber 
intakes for children and adults are 14 g/1000 kcal [25], and enriching yoghurt with chia 
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seeds may contribute a significant amount to this. The carbohydrate content of the 
yoghurt samples ranged from 1.16% in CEY3.5 and 1.85% in CEY0. The low 
carbohydrate content was expected since most of the available lactose in the yoghurt had 
been converted to lactic acid, making yoghurt an ideal food for people with lactose 
intolerance [23]. 
 
Nutritional analysis of chia seeds and chia enriched yoghurt 
Amino acids profile 
 The lysine content of chia seeds was 0.73 g/100g protein (Table 2), a value that was 
lower than the value of 0.97 g/100g recorded in literature [3, 22]. Chia seeds appear to 
have an impact on the concentration of lysine in yoghurt since the results ranged from 
3.22 g/100g in CEY0 to 5.38 g/100g in CEY3.5. Histidine content of chia seeds was 0.33 
g/100g which was within the range of 0.25 g/100g to 0.32 g/100g [18], while other 
studies reported a value of 0.53 g/100g [3, 22]. For the yoghurt samples, the content of 
histidine ranged from 2.60 g/100g in CEY0 to 3.98 g/100g in CEY3.5.  
 
Chia seeds had threonine content of 0.4 g/100g. This value was similar to the values 
reported in the literature ranging from 0.32 g/100g to 0.43 g/100g [18].  The results 
further show that the threonine content in the yoghurt samples ranged from 2.65 g/100g 
in CEY0 to 4.65 g/100g in CEY3.5, an indication that the amino acid may have continued 
to increase during fermentation. The threonine content differed significantly among all 
the yoghurt samples. The results illustrated that the content of valine in chia seeds was 
0.62 g/100g, hence differing from the value of 0.95 g/100g reported in previous studies 
[3, 22] . The values in the literature range from 0.51 g/100g to 0.63 g/100g [18]. Chia 
seeds were shown to contain 0.52 g/100g of methionine, a value that is similar to the 
ones reported in previous studies [3, 22]. The concentration of methionine in the yoghurt 
samples ranged from 1.15 g/100g in CEY0 to 2.69 g/100g in CEY3.5. The statistical 
analysis showed that all the samples differed significantly (p<0.05) in methionine 
content, an indication that chia had a direct impact on the improved yoghurt. Isoleucine 
content in chia seeds was 0.54 g/100g, a value that was in agreement with the range of 
0.32 g/100g  to 0.40 g/100g, as recorded in the literature according to [18]. The isoleucine 
content ranged between 2.56 g/100g in CEY0 and 3.43 g/100g in CEY3.5. The current 
study observed that the leucine content of chia seeds was 1.02g/100g, which was lower 
than the value of  1.37 g/100g earlier reported  [3, 22]. These values are higher than the 
range given in literature as 0.60g/100g  to 0.73 g/100g [18]. The results of the 
concentration of leucine ranged between 7.56 g/100g in CEY0 and 9.54 g/100g in 
CEY3.5. 
 
Phenylalanine content in chia seeds was 0.75 g/100g, a value that is slightly lower than 
the values (1.02 g/100g) documented in literature [3, 22]. The literature records values 
that range between 0.47/100g to 0.59 g/100g   that are lower than these findings [18]. 
Regarding phenylalanine content in the yoghurt samples, the results showed a range of 
3.97 g/100g in CEY0 to 4.20 g/100g in CEY3.5. This observation suggests that chia 
seeds did not affect the concentration of the amino acid in yoghurt. The only non-
essential amino acids that were detected in chia seeds in the current study were arginine 
(0.74 g/100g), aspartic acid (0.58 g/100g) and glutamic acid (4.36 g/100g).  These results 
differed from reported values (arginine at 2.14 g/100g, 1.69 g/100g for aspartic acid and 
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3.50 g/100g for glutamic acid) [24]. Significant quantities of the other non-essential 
amino acids were reported [3, 22]. However, significant differences in the concentration 
of the non-essential amino acids were observed among all the yoghurt samples as their 
values increased with increase in the amount of chia added in the chia enriched yoghurt. 
The levels of amino acids in all the chia enriched yoghurt samples were significantly 
higher than CEY0 (p>0.05). There is limited literature on chia seeds proteins and the 
influence of the extraction process and storage on the amino acids profile.  
 
Fatty acids profile 
The results for the fatty acid composition (% of total fatty acids) are reported in Table 3. The fatty 
acids composition of chia seed is influenced by numerous factors, including seed variety, size 
reduction practices, pretreatment method and seed storage conditions [24]. The results show that 
Caprylic acid, 10:0 and pentadecanoic acid went undetected in chia seeds, hence these are not 
discussed here. Given that chia seed oil is a natural product, its chemical composition may vary 
depending on a number of factors such as the extraction system and the cultivation environment 
[19].  
 
The current study found that concentration of myristic acid (0.05%) in chia seeds was close to 
the documented value of 0.03% [11]. In the yoghurt samples, its concentration ranged from 
12.07% in CEY3.5 to 12.35% in CEY0. There was no significant difference (p<0.05) in 
concentration of myristic acid between CEY0 and the other CEYs, where its concentration 
decreased with the increase of chia seeds in the yoghurt formulation. This showed that chia seeds 
decreased the concentration of myristic acid in yoghurt though not significantly.  
 
In the present study, chia seeds contained 7.15% of palmitic acid, a value close to the reported 
values of 7% [11]; and 6.8% [24]. The results show that the concentration of palmitic acid in 
yoghurt formulations decreased with increase in the amount of chia seeds used in the formulation, 
as it ranged from 34.45% in CEY0 to 29.13% in CEY3.5. There were significant differences in 
the concentration of palmitic acid between CEY0 and all the chia enriched yoghurt samples 
(Table 3). This could mean that the chia seeds influenced the concentration of the fatty acid in 
yoghurt. Being a saturated fatty acid,  palmitic acid is stable to oxidation and heat [26], and it is 
the most representative fatty acid in cow’s milk fat. In the present study, the concentration of 
palmitoleic acid in chia seeds (0.03%) was similar to a documented value of 0.09% [11].  The 
concentration of palmitoleic acid CEY0 (0.29%) was not significantly different from that of 
CEYs (0.23% in CEY1.5, 0.22% in CEY2.5, 0.22% in CEY3.5). This could have been 
influenced by the low concentration of palmitoleic acid in the chia seeds. Caprylic acid was 
3.31% in chia seeds, a value that was very close to the value of 3.23% [11]. The fatty acid was 
reported at 11.69% in CEY0, a value that was not significantly different from 12.09% in CEY1.5, 
12.36% in CEY2.5 and 12.41% in CEY3.5. Caprylic acid is documented as a fairly stable 
saturated fatty acid with an 18-carbon chain [26] and enrichment of yoghurt with chia seeds 
caused significant differences in concentration of caprylic acid in yoghurt. Its concentration 
increased with the increase in the amount of chia seeds in the yoghurt formulations. 
 
The current study reported the content of oleic acid in chia seeds as 7.19% (Table 3), a value 
similar to a reported value of  7.19% [27], although  slightly higher values of 7.48% and 8.3% 
are documented in previous studies [8, 22]. This could be attributed to the difference in 
cultivation regions which has been reported as factor that is likely to influence fatty acids 
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composition [11]. The concentration of oleic acid in CEY0 (24.49%) was significantly different 
from CEYs, which ranged from 25.23% in CEY1.5 and 25.86% in CEY3.5 (Table 3). This 
served as an indication that chia seeds influenced the concentration of oleic acid in yoghurt.  
 
A significant concentration of linoleic acid (18.39%) was detected in chia seeds, a value close to 
20.47% reported in a previous study [11], although a reasonably lower value (12.14%) has been 
reported [28]. The concentration of linoleic acid was not significantly different in CEY0 (4.60%) 
than in CEY1.5 (4.72%), although significant difference was observed in its concentration in 
CEY2.5 (4.92%) and CEY3.5 (5.04%). However, the concentration of linoleic acid was on an 
upward trend as the chia seeds concentration increased. Linoleic acid is also known as omega-6 
fatty acid and is a polyunsaturated fatty acid (PUFA) which mainly occurs in plant glycosides. 
Its first double bond is located between the sixth and seventh carbon atom from the methyl end 
of the fatty acid. In human nutrition, linoleic acid is an essential fatty acid since it cannot be 
synthesized by the body. It is used in the biosynthesis of cellular membranes and prostaglandins 
[29]. 
 
In the current study, α linoleic acid was detected by gas chromatography in chia seeds at a 
concentration of 63.10% which was found to be close to a documented level of 62.02% [11]. 
Among the yoghurt samples, the present study showed that the concentration of α linoleic acid 
in yoghurt samples ranged from 2.97% in CEY0 to 8.10% in CEY3.5. Chia seeds appeared to 
significantly increase the concentration of this fatty acid in yoghurt, leading to significant 
differences in its concentration among all the samples. However, the quantity did not correspond 
with the high amount of α linoleic acid in chia seeds (63.10%). This could be due to the low 
quantity of chia seeds used and also partly due to loss during the extraction and methylation since 
the fatty acid is a long chain fatty acid [19].  
 
The level of arachidic acid detected in the chia seeds (0.35%) was lower than the 0.42% 
previously reported [27], although the documented levels of the fatty acid have been within the 
range of 1.0-1.1% of the raw chia fat [27]. Statistical analysis did not detect any significant 
differences in the concentration of arachidic acid in all the yoghurt samples, possibly due to the 
low concentration of the fatty acid in chia seeds. This could be relating to the fact that the 
concentration (1.5% to 3.5% m/v) was low and just a few seeds were in the yoghurt formulations.  
 
The results of fatty acids concentration in chia seeds in the present study tend to agree with most 
authors who claim that the composition of oil in seeds, measured as percent fatty acids, is 
influenced by the location of seed cultivation [8, 28]. The variations in most of the fatty acids 
may be the result of seasonal differences, batch differences and varied cultivation conditions 
[27].The incorporation of chia seed oil into the diet would be very beneficial since the 




Results of mineral content of chia seeds and chia enriched yoghurt are shown in Table 4. 
The calcium content was 1226mg/kg, a value that is higher than those reported in 
previous studies; 557 to 770mg/100g [18] and  951.20 mg/kg [27]. The high calcium 
level may be explained by variations in cultivation conditions and location [27]. There 
was also a high content of calcium in CEY3.5 (1616mg/kg) compared to all the other 
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yoghurt samples. The reported calcium content for plain yoghurts is about 1950mg/kg 
[31]. Calcium plays key roles in bone formation and mineralization. The calcium 
requirements during growth, pregnancy, and lactation are increased [32]. This, therefore, 
means that the chia enriched yoghurt would be a beneficial drink for the children, 
pregnant and lactating mothers as well as the elderly whose calcium requirement is high. 
 
The chia seeds contained 701mg/kg of potassium (Table 4), which was within the 
previously reported range of 667-809mg/kg [18]. The results indicated a higher 
potassium content in CEY3.5 with a value of 745mg/kg. The sample with CEY0 was 
reported to contain 690mg/kg while a previous research show a varying potassium 
content in plain yoghurt of 541 mg/kg [31].  
 
Potassium helps the nerves to function and muscles to contract as well as helping with 
normal heartbeat,  increasing iron utilization [33], and is beneficial to people taking 
diuretics to control hypertension who suffer from excessive excretion of potassium 
through the body fluid [17]. Chia seeds were found to contain 214mg/kg of magnesium, 
a lower content compared to the range of 325-390mg/kg  reported in a previous study 
[18]. Magnesium content may have been compensated by the high calcium content in the 
chia seeds as it was slightly higher in CEYs. It was noted that the magnesium content 
gradually increased with increase in the percent of the chia seeds in yoghurt samples. 
This indicated that chia seeds impacted the nutritional quality of the yoghurt by 
increasing the content of nutritional magnesium, which is an important mineral in human 
nutrition [34]. Despite the low content of iron in chia seeds (9mg/kg), a slight increase 
was observed in the results for the chia enriched yoghurt. It is, however, within the 
reported range of 6.3 to 9.9mg/kg [18]. The iron content of the yoghurt samples enriched 
with chia seeds increased with increase of chia seeds content in the formulation. Zinc 
content of chia seeds was 6mg/kg, a value that is higher than the documented range which 
ranges from <0.1 to 4.95mg/kg in different regions [18]. There was a significant 
difference between the zinc content in CEY0 and in other CEYs. The manganese content 
for chia seeds was 8mg/kg while phosphorus content was 116mg/kg. The samples with 
the highest phosphorus content were CEY2.5 and CEY3.5 (390mg/kg and 397mg/kg, 
respectively). The high phosphorus content is desirable as it increases bone health among 
humans [35]. Copper content in chia seeds was 6mg/kg in both wet and dry basis, a value 




All chia enriched yoghurt samples (CEY1.5, CEY2.5 and CEY3.5) showed enhanced 
proximate composition and nutritional (amino acids, fatty acids, and minerals contents) 
characteristics compared to CEY0, thus chia seeds have a potential to be used in yoghurt 
for value addition. Further experiments are recommended to examine the phenolic 
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Table 1: Proximate composition (%) of chia seeds and chia enriched yoghurt (CEY) 
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Table 3:  Fatty acids composition (% total fatty acids) of chia seeds and chia 
enriched yoghurt (CEY) 
 
The values shown are means of three replicates. Means are ±SD having different superscript letters in a 
row are significantly different (p<0.05) by Duncan’s Multiple Range Test 
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CEY- Chia enriched yoghurt
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